Older adults differ from their younger counterparts in the way they view faces. We assessed whether older adults can use past experience to mitigate these typical face-processing differences; that is, we examined whether there are age-related differences in the use of memory to support current processing. Eye movements of older and younger adults were monitored as they viewed faces that varied in the type/amount of prior exposure. Prior exposure was manipulated by including famous and novel faces, and by presenting faces up to five times. We expected that older adults may have difficulty quickly establishing new representations to aid in the processing of recently presented faces, but would be able to invoke face representations that have been stored in memory long ago to aid in the processing of famous faces. Indeed, younger adults displayed effects of recent exposure with a decrease in the total fixations to the faces and a gradual increase in the proportion of fixations to the eyes. These effects of recent exposure were largely absent in older adults. In contrast, the effect of fame, revealed by a subtle increase in fixations to the inner features of famous compared to non-famous faces, was similar for younger and older adults. Our results suggest that older adults' current processing can benefit from lifetime experience, however the full benefit of recent experience on face processing is not realized in older adults.
INTRODUCTION
Along with typical age-related cognitive and memory decline (Small, 2001) , there are marked age-related differences in the processing and remembering of faces. Using eye movement monitoring to examine face processing, previous work has shown that older adults make more eye fixations to, and more saccadic transitions between, the inner features of the face when compared to younger adults (Firestone et al., 2007) . In spite of the increase in the amount of eye movements made by older adults to faces, numerous studies have found that older adults have relatively poor recognition memory for faces when compared to younger adults (Smith and Winograd, 1978; Bartlett et al., 1989; Crook and Larrabee, 1992; Boutet and Faubert, 2006) . Older adults often confuse novel faces for faces they have previously viewed; especially if the novel face resembles someone they know (Smith and Winograd, 1978; Bartlett et al., 1989 Crook and Larrabee, 1992; Boutet and Faubert, 2006) . Older adults also have difficulty remembering exactly when a face was presented and may wrongly classify a previously viewed face as famous .
Although age-related changes in face processing and face recognition are robust (see Searcy et al., 1999, for review) , certain faces are processed similarly by older and younger adults and tend to be accurately remembered by older and younger adults alike. In particular, age-related differences in processing and recognition are minimized for faces that may be most relevant to the daily activities of older adults, including familiar famous faces (Bäckman, 1991) and faces of people who belong to the same age cohort (Anastasi and Rhodes, 2003; Firestone et al., 2007) . One explanation for this preserved processing and recognition with aging is that, in the case of familiar faces, older adults can use existing memories of those faces to support processing and minimize typical age-related differences. Similarly, older adults may have more daily interactions with same-aged adults than younger adults. By recruiting stored representations regarding faces of same-aged adults, older adults may receive the additional support that is needed for effective visual processing.
As noted above, eye movements are used as an index of the amount and pattern of processing of faces. If we consider that the purpose of eye movements is to extract new information from regions of a visual display (e.g., Parker, 1978) , such as a face, then increasing the type/amount of past experience would gradually reduce the amount of new information available. Consequently, this would decrease the amount and scope of visual processing required to evaluate the stimulus and ultimately, increase the speed or efficiency by which processing occurs. Indeed, for younger adults, repeated exposure to faces results in a decrease in the overall amount of eye movements that are directed to faces (Heisz and Shore, 2008) . Additionally, eye movements tend to be directed to highly informative face regions of previously viewed faces, such as the eyes (Althoff and Cohen, 1999; Heisz and Shore, 2008) . This processing efficiency afforded by previously viewed faces is attributed to the retrieval of a stored representation of the face itself as well as any other associated information such as knowledge regarding when the face was previously encountered.
The present study assessed whether older adults, like younger adults, can use past experience to support current processing and thereby lessen the typical age-related differences in face processing. We manipulated past experience in two ways. First, participants were presented with famous and non-famous faces to examine the influence of pre-experimental exposure on current viewing. Second, famous and non-famous faces were repeated up to five times throughout the experiment to examine the influence of recent exposure on current viewing. Based on the findings from previous studies, we expected younger adults to make fewer fixations and direct a greater proportion of those fixations to the inner features of famous (Althoff and Cohen, 1999; Stacey et al., 2005; Barton et al., 2006) and experimentally repeated (Heisz and Shore, 2008 ) faces compared to novel faces. Furthermore, if memory continues to support visual processing across the lifespan, then older adults should show similar eye movements to famous faces, and even to experimentally familiarized faces, as younger adults. However, given that older adults experience a variety of changes in brain structure and function, there may be important age-related differences in the interplay between memory and visual processing. Older adults may be able to invoke face representations that have been stored in memory long ago to aid in the processing of famous faces but they may have difficulty quickly establishing new representations to aid in the processing of recently presented faces. In this case, the extent to which the eye movements of older adults resemble those of younger adults may depend on whether the face has recent or pre-experimental exposure. Ultimately, the current study will reveal the extent to which older adults can use recently acquired and previously established memory representations to support current visual processing of faces in a manner similar to that of younger adults.
MATERIALS AND METHODS

PARTICIPANTS
Fourteen younger adults (five male, M = 25 years, range = 20-31 years) and 14 older adults (five male, M = 74 years, range = 65-83 years) from the Toronto community participated in exchange for monetary compensation. All procedures complied with the Canadian tri-council policy on ethics and were approved by the Baycrest Research Ethics Board. All participants were healthy with no reported memory complaints, prior head injuries, depression, learning disabilities, or psychiatric problems. All participants reported no visual problems and had normal or corrected-to-normal vision. Years of education did not significantly differ between younger (15.7 ± 1.3 years) and older adults (15.5 ± 3.9 years; p = 0.85).
APPARATUS AND STIMULI
A Dell Precision T3400 computer was connected to a ViewSonic G90fb 19 CRT monitor for presentation of the stimuli. An additional Dell Optiplex 755 computer was used to collect eye movement data using the EyeLink II system (Version 2.22).
Stimuli consisted of 60 color pictures of Caucasian faces placed on a black background. Thirty famous (15 female) and 30 nonfamous (15 female) were selected from a larger face database . Famous faces consisted of high-profile movie actors and TV celebrities. All faces were front-viewing with direct gaze and either neutral or smiling expression. Faces were presented with hair but without neck or body, and positioned so that eye height was constant across all photos. Faces were judged by the authors to be of middle age (i.e., ∼35-60 years old). Faces were divided into three sets of 20, each with 10 famous faces (five male) and 10 non-famous faces (five male). Face Set A was presented in each of five blocks (five exposures), Face Set B was presented in each of the final three blocks (three exposures), and Face Set C was presented in the final block only (one exposure). Face order within a block was randomized and face sets were counterbalanced across participants.
PROCEDURE
Across five blocks, participants were instructed to freely view faces that were presented singly, for 5 s each. Stimuli were presented at the center of the display. Faces were ∼9.5˚by ∼6.3˚of visual angle from a viewing distance of 90 cm. Blocks 1 and 2 each contained 20 trials; Blocks 3 and 4 each contained 40 trials; and Block 5 contained 60 trials. Each trial was initiated upon central fixation. Drift correction was performed in between trials when required.
Following viewing of the faces, participants were queried regarding their pre-experimental familiarity with the faces. For each face, participants answered the following question in a selfpaced manner: is this face famous? (Possible answers: famous, unsure, or not famous). This question was used to identify which famous faces each participant recognized; only those famous faces that were accurately recognized as famous were included for analysis to keep this category of faces distinct from the repeated, nonfamous faces. Younger adults recognized 90 ± 5% SEM of famous faces; older adults recognized 70 ± 5% SEM.
ANALYSIS OF EYE MOVEMENTS
Analysis of eye movements focused on the fifth and final block, which consisted of the fifth presentation of Face Set A, the third presentation of Face Set B, and the first presentation of Face Set C. As a result of calibration error, an average of 1.4% (±0.7% SEM) of trials were excluded. Eye movement measures were analyzed with respect to the faces and to features within the faces. Fixations that began before face onset and continued after face offset were excluded. Fixations to the outside of the facial image, consisting of 0.2% of all fixations, were excluded from analysis. Inner features (eyes, nose, and mouth) were defined using non-overlapping rectangular sections. A unique area-of-interest template was used for each face (Figure 1) . Interest areas (i.e., pixel number) defining the eyes, nose, and mouth of famous versus non-famous faces were not statistically different as revealed by independent t tests contrasting each feature area of each face type (all p's > 0.1). The total number of fixations made to each face and the proportion of fixations made to the eyes, nose, and mouth were analyzed.
STATISTICAL ANALYSES
Repeated-measures analyses of variance (ANOVAs) were done in R (http://www.r-project.org) using the package ezANOVA. Greenhouse-Geisser correction was applied to p values when necessary. All post hoc t tests were corrected for multiple comparisons using the Bonferroni method.
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www.frontiersin.org FIGURE 1 | An example of a non-famous face overlaid with its unique interest area template. All interest area templates captured features in the same manner depicted. During the experiment, stimuli were presented in color and without interest area template overlaid.
RESULTS
VIEWING TO THE FACE
To examine the influence of pre-experimental and recent exposure the processing of faces (Figures 2 and 3) , repeated-measures ANOVA was conducted on the number of fixations made to the faces with a between-subject factor of age (younger, older) and two within-subject factors of fame (famous, non-famous) and exposure (one, three, five). We observed significant main effects of age [F (1,26) = 4.61, p < 0.05, η 2 p = 0.15] and exposure [F (2,52) = 17.46, p < 0.001, η 2 p = 0.40] as well as a significant interaction of age with exposure [F (2,52) = 4.02, p < 0.05, η 2 p = 0.13]. Older adults made more fixations to the faces than younger adults. With increasing exposures, this age difference burgeoned as younger adults' fixations decreased while older adults' fixations remained relatively unchanged.
When analyzed separately, younger adults showed a significant effect of exposure on the number of fixations [F (2,26) = 16.86, p < 0.001, η 2 p = 0.56] and a significant linear decreasing contrast [t (13) = 5.14, p < 0.001]; the three pair-wise comparisons of exposure revealed significant differences between one versus three exposures and one versus five exposures (ps < 0.01) but FIGURE 2 | The total number of fixations to famous and non-famous faces by young and older adults as a function of prior exposure. Error bars represent SE of the mean corrected for repeated measures specific to the within-subject contrasts (see Masson and Loftus, 2003) . 
VIEWING TO THE EYES, NOSE, AND MOUTH
To examine the influence of pre-experimental and recent exposure on the processing of the inner face features (Table 1; Figure 4) , repeated-measures ANOVA was conducted on the proportion of fixations with a between-subject factor of age (younger, older) and three within-subject factors of fame (famous, non-famous), exposure (one, three, five), and feature (eyes, nose, mouth Masson and Loftus, 2003 , for a similar procedure to confidence intervals).
FIGURE 4 | The proportion of fixations made to the eyes, nose, and mouth of faces by young and older adults as a function of prior exposure. Error bars represent SE of the mean corrected for repeated measures specific to the within-subject contrasts (see Masson and Loftus, 2003) .
revealed that participants directed the greatest proportion of fixations to the eyes followed by the nose and then the mouth (all three pair-wise comparisons: ps < 0.001). The proportions of fixations made to the nose and mouth were higher for famous faces than non-famous faces (Table 1) as evidenced by a significant main effect of fame [F (1,26) = 13.29, p < 0.01, η 2 p = 0.34] and a significant interaction of fame with feature [F (2,52) = 4.88, p < 0.05, η 2 p = 0.16]. There was a significant effect of fame (famous versus non-famous) on the proportion of fixations made to the nose and the mouth (ps < 0.016) but there was no significant effect of fame on the proportion of fixations directed to the eyes (p = 0.3). A significant two-way interaction of exposure with feature [F (4,104) = 7.39, p < 0.001, η 2 p = 0.22] and a significant three-way interaction of exposure with feature and age [F (4,104) = 5.29, p < 0.001, η 2 p = 0.17] were observed. To assess the simple main effects of the three-way interaction, three two-way ANOVAs were conducted for the proportion of fixations directed to the eyes, nose, and mouth, separately, using a between-subject factor of age (younger, older) and a within-subject factor of exposure (one, three, five) for each analysis, below. The findings are depicted in 
Nose
Older adults made a greater proportion of fixations to the nose than younger adults as revealed by a significant effect of age [F (1, 26) = 5.21, p < 0.05, η 2 p = 0.17].
Mouth
The proportion of fixations directed to the mouth decreased across exposures as revealed a significant main effect [F (2, 52) = 5.76, p < 0.01, η 2 p = 0.18] and linear decreasing contrast [t (1, 27) = 3.10, p < 0.01] of exposure.
DISCUSSION
Eye movements serve to gather new information from the visual world, as well as information that was not sufficiently encoded during previous exposures (e.g., Parker, 1978) . Therefore, eye movements reveal the interplay between memory and visual processing. Repeated exposures to the same faces gradually reduces the amount of new information available and consequently, decreases the amount and scope of visual processing required to evaluate the face. By examining the eye movements of younger and older adults, the present study assessed whether older adults, like younger adults, can use past experience to support current processing.
For the younger adults, the influence of memory on visual processing was evidenced here, as in previous work, with a decrease in the number of fixations directed to the faces and a subtle change in the distribution of those fixations (Althoff and Cohen, 1999; Heisz and Shore, 2008) . Regardless of whether experience was garnered in the real world (as with famous faces) or in the laboratory (as with non-famous faces), previously stored representations of faces influenced subsequent viewing for younger adults.
A greater proportion of fixations were directed to the inner features of familiar famous compared to non-famous faces, though this difference was small. In addition, with repeated exposure to the faces in the laboratory, younger adults exhibited a decrease in the total fixations to the faces. Within the faces, younger adults exhibited a subtle increase in the proportion of fixations to the eyes and a corresponding decrease in the proportion of fixations to the mouth. Thus, prior experience influenced processing of faces for younger adults, with the type of prior experience exerting distinct effects.
However, this influence of memory on current processing was less evident for older adults. Like younger adults, older adults showed similar subtle differences in fixations to the features of famous versus non-famous faces. However, in contrast to younger adults, older adults did not show an effect of exposure on the total number of fixations directed to the faces and there was no change Frontiers in Aging Neuroscience www.frontiersin.org in the distribution of fixations to the eyes, even with 25 s worth of encoding time (5 s by five exposures). These findings suggest that memory for prior experiences may support visual processing in older adults but the full benefit of recent experience on face processing is not realized to the same extent in older as in younger adults.
Since the full realization of these repetition-based changes in younger adults has been linked to face learning (Heisz and Shore, 2008) , the current findings suggest that the perceived novelty of a face may be slower to wane with repetition in older adults than in younger adults; that is, older adults may have difficulty developing new face representations within memory. Moreover, given that older adults have more lifetime experience with faces and thus more instances of faces stored in memory, it may require extra effort or time for older adults to match a presented face with one stored in memory due to increased competition. Indeed, one finding in particular suggests that older adults may require additional efforts to develop representations of faces in memory. Previous studies have revealed that the number of fixations made to visual displays, including faces, is predictive of subsequent recognition memory (Chan et al., 2011) . Overall, older adults made more fixations to the faces than younger adults; thus older adults may require more eye movements than younger adults in order to develop stable representations of faces that can support recognition memory, even if, ultimately, the level of recognition success is still not at that of younger adults (Firestone et al., 2007) . Though somewhat tangential, similar findings are also observed with visual search paradigms; despite increased eye movements, older adults are less successful at target detection than younger adults (Scialfa et al., 1987; Watson et al., 2005) .
Age-related differences in face processing could result from older adults' difficulty processing faces holistically. A holistic face representation is thought to reflect the identity of the face, with features bound into a coherent whole or gestalt (Sergent, 1984; Farah et al., 1998) . Convincing evidence for holistic face processing is garnered from the composite face effect (Young et al., 1987; Hole, 1994) . When the top half of one person's face is aligned with the bottom half of another person's face, the resultant composite face produces the strong perception of a completely novel face. In contrast, when the two halves are misaligned via slight horizontal displacement, the composite face illusion disappears and the two halves can be recognized separately. Boutet and Faubert (2006) measured the composite face illusion in younger and older adults who viewed previously unfamiliar faces. At test, participants were presented composites of studied faces and composites of new faces and were required to judge whether the top half of each composite was previously studied or new. Younger adults were more likely to recognize the top half of misaligned composites compared to aligned composites, thus illustrating the strong tendency for holistic possessing of typically aligned faces. In contrast, older adults' recognition was not affected by composite alignment, suggesting a weaker tendency to engage in holistic processing. For older adults, this reduced ability to integrate facial features into a whole may make it more difficult to encode and represent the structural details of a novel face in memory. As a result, older adults may need to continually revisit face features across exposures to develop a sufficient representation of the face that can subsequently support recognition. In turn, the eye movements of older adults may reflect the continued attempt to develop a holistic face representation and this may be why older adults spend a greater proportion of time viewing the nose (i.e., the center of the face) than younger adults.
A similar interpretation of the current findings (that is not mutually exclusive to the idea of age-related differences in holistic processing) is that age-related differences in face processing may reflect a binding deficit that underlies not only deficits in face recognition but also other classes of memory performance. For instance, Firestone et al. (2007) observed heightened fixations and transitions by older adults during encoding that did not translate into better recognition performance at test. The authors suggested that this increase in transitional behavior, coupled with poorer recognition performance, might indicate an age-related deficit in binding that would otherwise associate the distinct features of the face in memory. A binding deficit has also been invoked to account for age-related deficits in memory for associations within and between various stimulus categories, including word-pairs (Castel and Craik, 2003) , picture-pairs (Naveh-Benjamin et al., 2003) , or face-name associations (Naveh-Benjamin et al., 2004) . The reduced ability to bind the features of a face and/or a face with the encoding context (in this case, the experimental session) may have made it more difficult for older adults to maintain a representation of the face in memory that could otherwise influence processing, thereby causing older adults to view previously studied faces as if they were novel.
Although the current findings point to potential difficulties for older adults in establishing representations of faces that can be used to support processing, face learning in the real world is a much richer experience than that of the laboratory. In the current experiment, a single photograph was used to represent each individual, whereas in the real world, faces can be encoded from many angles and under various viewing conditions. A richer real-world experience may provide additional support for face processing recognition. Furthermore, there may also be an influence of associated information (e.g., a person's name, occupation) that is used to support processing and recognition. In that case, it may not only be the perceptual information that is retrieved but the retrieval of associated information that influences eye movements. Consistent with this idea is the finding that older and younger adults scanned famous faces similarly. However, it is not clear whether this display of youthful scanning by older adults is a result of learning that occurred within the experimental session or a result of learning that took place when the participant was younger, and perhaps prior to the onset of structural and functional age-related changes that may otherwise impact processing. This may be an important distinction for future research; nevertheless, the current work demonstrates that some classes of memory representations can be used to efficiently guide eye movement processing in younger and older adults alike.
In conclusion, younger and older adults differ in the way they can use past experience (memory) to guide current face processing. Although both younger and older adults show similar support for the processing of familiar famous faces acquired in the real world, only younger adults benefited from the effects of recent exposure Frontiers in Aging Neuroscience www.frontiersin.org on face processing in the laboratory setting. Our results suggest that older adults' current processing can benefit from lifetime experience, however the full benefit of recent experience on face processing is not realized in older adults.
